INTRODUCTION
Since 1960, the interaction between education and economic growth has been investigated with micro-approaches (Psacharopoulos 1995; Bouaissa 2009 ) and macro-approaches (Pereira and Aubyn 2009; Οdit, Dookhan, and Fauzel 2010). Existing economic literature accepts education as one of the primary components of human capital. Human capital refers to the stock of competences, knowledge and personality attributes embodied in the ability to perform labor so as to produce economic value (Bashir, Iqbal and Zaman 2011) . According to macroeconomic literature the two main approaches are: the augmented Solow neoclassical approach and the "new or endogenous growth theories" (Sianesi and Van Reenen 2003) . The augmented neo-classical model [Mankiw, Romer and Weil (1992) , (hereafter M-R-W (1992))] simply extends the basic Solow's (1956) model with education/human capital as an additional production factor. On the other hand, endogenous growth models distinguish between those which directly relate education/human capital with economic growth (Lucas 1988 ) and others introduced by Romer (1990) , Grossman and Helpman (1991) and Aghion and Howitt (1992) , who have emphasized the key role of R&D efforts and innovations in driving technical progress, productivity and economic growth. Various studies have focused on that topic (Arnold 2002; Strulik 2005; Bucci 2008, etc) . While education has no role in traditional neo-classical theories of economic growth, these new approaches have explicitly brought the role of education to the fore. A key difference between new growth theory and the neoclassical growth theory involves the distinction between increasing and decreasing returns to scale. The basic underlying assumption of neoclassical theory is that diminishing returns to capital operates in the production process, while endogenous theory supports the assumption that the production function does not exhibit diminishing but increasing returns to scale. While there is a large amount of evidence on the link between education and economic growth, the effect of formal education levels on economic growth with macro-economic approaches has been studied in the last two decades. The fact that different levels of formal education may have different effects on growth has been addressed in a small set of recent papers.
The period 1960-2009 was particularly important for Greece. In that period, three major events took place influencing the economy and education. a. The association-for-entry agreement with the European Economic Community (EEC). Commencement of negotiations started in September 1959 and the validity of agreement connection finished in November 1962. b. The accession to the EEC. The induction agreement came into force in January, 1981. Greece, as an EEC member participated in all stages of European integration, including the single European Act and the signing of the Maastricht Treaty. c. The accession to the European Monetary Union (EMU) and the adoption of the new Eurocurrency (1 January, 2001) . During this period, a number of structural and functional reforms and adjustments, in both economy and education had been implemented with varying success. Economic activities have moved from primary to secondary and especially tο tertiary sector of the economy. Also, in this period an educational expansion took place in Greece, especially in secondary and mainly in higher education.
The purpose of this study is to empirically investigate the causal relationship between the levels of formal education and economic growth. Moreover, it estimates the effect of each level of formal education on economic growth in Greece over the transition period . The study uses the time series analysis, the endogenous approach of Lucas (1988) and the enrollment rates as a proxy of human capital. Additionally, it examines the consistency of findings of empirical analysis with the findings of the study of Pegkas (2014) , who investigated the relation between the levels of formal education and economic growth in Greece for the same period by using the neoclassical approach of M-R-W (1992). The results may improve the decisions of policymakers about education and its contribution to economic growth.
The rest of the paper is organized as follows: Section 2 provides a brief review of empirical literature; Section 3 discusses the methodology, presents sources and data and reports the empirical results based on econometric analysis, Section 4 discusses the results. Finally, section 5 summarizes the main findings and conclusions of the study.
REVIEW OF EMPIRICAL LITERATURE
The existing empirical literature initially investigates the interaction between education in terms of quantity or quality and economic growth as well as the effect of education on economic growth. Various studies have used different variables as proxies of human capital (Tsamadias and Pegkas 2012) . The main studies that have investigated the impact of the educational levels on economic growth are presented below: Liu and Armer (1993) found that both primary and junior-high achievement variables enhance economic growth in Taiwan, but senior-high and college education did not exert any significant effects on growth. Tallman and Wang (1994) showed that higher education has a greater positive impact on growth in relation to primary and secondary education for the case of Taiwan. Mingat and Tan (1996) for a sample of 113 countries found that higher education has a positive statistically significant impact only in the group of developed countries, while the primary has a positive effect in less developed and the secondary a positive effect in developing. Gemmell (1996) for OECD countries concluded that primary education most affects the less developed countries, while secondary and higher education the developed. Mc Mahon (1998) investigated the effect of the three levels of education on economic growth for a sample of Asian countries and concluded that primary and secondary level have a significantly positive effect on economic growth, while higher is negative. Abbas (2001) for the countries of Pakistan and Sri Lanka showed that the primary has a negative effect on economic growth, while secondary and higher education have a positive and statistically significant impact on economic growth in both countries. Petrakis και Stamatakis (2002) found that the growth effects of education depend on the level of development; low-income countries benefit from primary and secondary education while high-income developed countries benefit from higher education. Self and Grabowski (2004) for the case of India showed that except higher education the primary and secondary education had a strong causal impact on economic growth. Villa (2005) investigated the effect of the three levels of education on economic growth for Italy and found that the higher and secondary education has a positive effect on economic growth, while the primary has no significant effect. GyimahBrempong, Paddison, and Mitiku (2006) found that all levels of education have a positive and statistically significant impact on the growth of per-capita income in African countries. Lin (2006) for the case of Taiwan found that primary, secondary and tertiary have a positive impact on economic growth. Chi (2008) showed that in China higher education has a positive and larger impact on GDP growth than primary and secondary education. Pereira and Aubyn (2009) showed that in Portugal primary and secondary education has a positive impact on GDP, while higher has a small negative effect. Loening, Bhaskara, and Singh (2010) for the case of Guatemala found that primary education is more important than secondary and tertiary education. Shaihani et al. (2011) for Malaysia concluded that in the short run only secondary education has a positive and statistically significant coefficient, while the primary and tertiary exhibit negative and statistically significant results. Unlike in the long run only higher has a positive and statistically significant effect.
In case of Greece, a few studies have investigated the impact of education on economic growth. Magoula and Prodromidis (1999) showed that in Greece the relative contribution of secondary and higher education to growth in relation to the contribution of primary education has risen: from the 1960's to the 1980's. Asteriou and Agiomirgianakis (2001) showed that the growth of enrolment rates in primary, secondary and higher education positively affected the GDP in Greece for the period 1960-1994. Tsamadias and Prontzas (2012) 
EMPIRICAL ANALYSIS
This section presents the methodology, the data and sources and the econometric analysis (stationarity properties of the data, cointegration tests, vector error correction models and causality, the generalized impulse response functions and the generalized variance decomposition analysis).
Methodology and Model
The empirical analysis of this paper uses the methodology of new growth (endogenous) theory. Lucas model (1988) assumes that there are two production sectors, both perfectly competitive: One goods sector (equation 1) and one education (human capital) sector (equation 2). Both productions functions have constant return to scale. The production function in the goods sector is given below
Assuming no externalities and a zero depreciation rate of human capital, the creation of human capital is determined by the following linear function:
Equations (1) and (2) are the final expressions for the production functions in the two sectors. Yt represents the total quantity of the final good produced at time t, A represents the constant technological level in the goods sector of this economy, while kt and uht denote the aggregate quantities of factors used in the production process, again at time t (respectively physical and human capital). Parameter α is the elasticity of output with respect to physical capital (strictly comprised between zero and one). Human capital (ht) consists only of educated individuals, for the entire economy and Δ represents the growth rate. A fraction ut of human capital (0<u<1) of non-leisure time devoted to goods production is used at time t, while its complement to one (1-ut) is the proportion of time devoted to production of new human capital.
The proxy of human capital is a key issue in the empirical growth model, as it would improve the performance of the growth model. Many researchers tried to approach human capital using proxies, as flow or as stock. The proxy of human capital that was used in this study is the gross enrollment rates (flow) for the three educational levels (primary, secondary and higher). Also this kind of proxy (flow) has been used from other empirical studies, which have employed the model of Lucas (1988 in age-group which officially corresponds to each level of education in school year t. This proxy is reported as quantitative measurement of human capital. The quality of education cannot be taken into account. Given the availability of the data, it is not possible to consider wider definition of human capital investment compassing on-the-job training, experience and learning-by doing, the number of repeaters and dropouts in each grade and ignoring its depreciation.
The model needs an approximation for the time spent to build up human capital accumulation, (1-u) . In constructing the series for (1-u) is necessary to make a compromise. It is known that the time devoted to human capital accumulation includes many years of schooling, training on the job, etc. but only the earned university degrees are used here as a fraction of the employment. Therefore, we define (1-u) with s=6 as approximated time (years) at university. The university degrees include diplomas and doctoral degrees. Equation (4) states that the time spent in education 1−ut is equal to the number of college graduates at time (t) divided by the labour force and multiplied by the school years.
Data and Sources
Data on Gross Domestic Product (GDP) and physical capital investment series are annual and were taken from the AMECO database. GDP measured at 2005 constant prices and investments is the gross capital formation at 2005 constant prices for the total economy. Data for constructing human capital proxy were taken from the Hellenic Statistical Authority (HSA) database. All variables are expressed in logarithmic form. During the period 1960-2009 Greek GDP indicates a significant increase as well as a radical increase in the share of secondary and higher education. The primary education is represented by a very small (almost stable), negative slope over the whole period ( Figure 1 ).
Estimation of the human capital sector
If the assumption of constant returns in the second sector holds, the marginal effect of (1-u) on the growth of human capital equals B (Monteils 2004 ). If B is positive and statistically significant (increasing scale returns) then increasing stock of human capital is the engine of long run growth (endogenous growth). In the opposite direction if B is negative or statistically insignificant there must be decreasing scale returns (no endogenous growth). By using the OLS method the results of the estimated equation (2) for each educational level are given below on the table 1. The regressions were estimated consistently as for the existence of the Serial Correlation and the Heteroskedasticity, by using the Newey-West (1987) estimator. 
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Higher enrolment rates The results show that the link between the time devoted to education (or the duration of training) and growth of human capital is negative. The coefficient of 1-u yields negative and statistical significant results at 1% level for the cases of secondary and higher education and statistical insignificant results for the primary education. The human capital grows in such a decreasing rate, so the endogenous character of the economic growth suggested by Lucas is not verified. Consequently, all findings point to the conclusion that human capital is a factor like the others to the production function and it does not break the law of diminishing returns. So, the application of this model would be accompanied by similar predictions as the neoclassical growth model introduced by Solow (1956) and Mankiw, Romer, and Weil (1992) . Potential explanations for these results may be the following: a) Lucas model may not be compatible with the time series analysis, b) our approach of the variable 1-u may be biased as to the measurement used method, c) the assumption of linear relationship between growth rate of human capital and the time devoted to learning may be incorrect, d) the short period of the time series data.
Estimation of the production sector
This section focuses on the effect of primary, secondary, higher education and investments in physical capital on economic growth by using a VAR methodology. We estimate three different VAR models. Each model includes the variables of economic growth, investments and one of the three educational levels. Using education data by levels may be preferable for a number of reasons. In particular, the growth impact of different forms of educational levels may vary. Also, including primary, secondary and higher education into the same equation is a procedure which may provide invalid results due to strong multicollinearity between the variables (Loening, Rao, and Singh, 2010). First, the order of integration is checked and then cointegration tests are used in order to check the existence of long run relationship between variables. Second, the causality tests based on vector error correction approach were applied and third, in order to investigate the dynamic relationships between the variables of the models the impulse response functions and variance decomposition are plotted and calculated respectively.
Stationarity test
Initially, the stationarity of the variables GDP, physical capital investments and education is checked. The stationarity of the data set is examined using Augmented Dickey-Fuller (ADF) (1981), Phillip-Perron (PP) (1988) and Perron (1997) structural break tests. We test for the presence of unit roots and identify the order of integration for each variable in levels and first differences. The variables are specified including intercept and including intercept and trend. The optimal lag length of the ADF regressions is determined by Schwarz criterion (1978) . The PP statistics are obtained by the Bartlett Kernel and the automatic bandwidth parameter approach as suggested by Newey and West (1994) . For the Perron structural break test, the maximum lag length is specified by the user to be equal to 4. For the ADF, PP tests the null hypothesis is non-stationary and for the Perron test is non-stationary with a structural break. Unit root test results are given in Table 2 . The results in Table 2 showed that for all the tests the null hypothesis couldn't be rejected at 5% for every variable in their level. The null hypothesis could be rejected at 5% for all variables in their first differences. So the variables from combination of the criteria under study are stationary in their first differences on 5% significant level.
Cointegration test
Stationary tests show that all the variables which are non-stationary in levels become stationary in first differences. They are in fact integrated of order one. So there is the possibility that the variables of GDP, physical capital investments and primary, secondary, higher education are cointegrated. In order to account for influences on the GDP, two dummy variables are added to the VARs model. The first dummy variable involves the year 1974, when the international oil crisis took place and GDP had a significant fall. The second dummy variable involves the year 2001, when Greece became a member of the Euro zone. To determine the lag length of the VARs, three versions of the system were initially estimated: a four, a three and a two-lag version. Then, the Akaike information criterion (AIC) is used to select the optimal lag length. The cointegration test was conducted by using the reduced rank procedure developed by Johansen (1988) and Johansen and Juselius (1990) . The Johansen multivariate cointegration approach is used to examine the long-run relationship between the variables. The estimation procedure assumes intercept and no trend in the VARs estimations. This cointegration method recommends two statistics to check the long run relationship: the Trace and maximum Eigenvalue tests. The results of the cointegration tests are presented in the tables 3, 4 and 5. The null hypothesis in the Trace and maximum Eigenvalue tests is that there is no cointegrating vector. The null hypothesis of one co-integrating vector in the Trace test could be rejected at 5% and could not be rejected at 5% for more than one co-integrating vectors, which implies that there is only one cointegrating vector in all the cases. The finding of one co-integrating vector was further supported by the results of the maximum Eigenvalue test, in which the null hypothesis that there is no cointegrating vector could be rejected at 5% only for one co-integrating vector. Thus, the results lead to the conclusion that the GDP, physical capital investments and each of the three educational levels are cointegrated and there is a long-run relationship between them. The estimated cointegration relationships are presented in the following table 6: From the above-estimated equations it can be concluded that in the long run the coefficients of secondary and higher education are positive and statistically significant at the one-percent level. The elasticity of GDP with respect to secondary and higher education is 0.52 and 0.20 respectively. This means that a one percent increase in secondary and higher education enrolment rates will foster economic growth by about 0.52 and 0.20 percent respectively. The role of secondary and higher education level on economic growth seems to be important and significantly explains economic growth. The elasticity of GDP with respect to primary education is -0.96. So the primary education has had a negative effect on economic growth. Also, it can be concluded that in the long run, physical capital investments have a significant positive effect on economic growth in all the equations.
Error Correction Models
Having verified that the variables are cointegrated, the vector error-correction model (VECM thereafter) can be applied. The VECM can give the correction term that reflects influences of the deviation of relation between variables from long-term equilibrium upon short-term changes. The size and statistical significance of the errorcorrection term measures the extent to which each dependent variable has the tendency to return to its long-run equilibrium. For the VECMs including primary and secondary education the Akaike information criterion identified no lags for the VECMs with primary and secondary education and one lag for the VECM with higher education as optimal lag length. Therefore, it can be concluded that there is not a short run but only a long run relationship between the variables which included in the VECMs with primary and secondary education. The vector error-correction models pass all the standard diagnostic tests for residual serial correlation, normality and heteroscedasticity. The results 2 of the vector error-correction models showed that the first dummy variable has a negative and statistically significant influence on GDP. The second dummy has no influence on GDP as the coefficient is not statistically significant, except the VECM with secondary education which is significant positive.
The t statistic on the coefficient of the lagged error-correction term represents the long-run causal relationship and the F-statistic on the explanatory variables represents the short-run causal effect (Narayan and Smyth 2006). More specifically, the Wald-test applied to the joint significance of the sum of the lags of each explanatory variable and the t-test of the lagged error-correction term will imply statistically the Granger exogeneity or endogeneity of the dependent variable. The non-significance of ECT is referred to as long-run non-causality, which is equivalent to saying that the variable is weakly exogenous with respect to long-run parameters. The absence of short-run causality is established from the non-significance of the sums of the lags of each explanatory variable. Finally, the non-significance of all the explanatory variables, including the ECT term in the VECM, indicates the econometric strong-exogeneity of the dependent variable that is the absence of Granger-causality (Hondroyiannis and Papapetrou 2002). Note: The asterisks of the lagged ECTs are distributed as t-statistics and indicate rejection of the null hypothesis that the estimated coefficient is equal to zero (weak exogeneity) and no causality. The asterisks indicate significance at the 1% level.\ Finally, in the tests for Granger non-causality and strong exogeneity, asterisks denote rejection of the null hypothesis of Granger non-causality and strong exogeneity respectively. The asterisks indicate the following levels of significance: **5% and ***1%. Table 7 reports the findings for the endogeneity between the variables of GDP, physical capital investments and primary education. Estimates of the parameters show that the error-correction term is negative and statistically significant for the GDP and physical capital investments equations. The t-test for the error-correction term indicates the significance of the long-run causal effect at the one percent level. Therefore, GDP and investments are not weakly exogenous variables. These results imply that in the long run, there is a unidirectional Granger causality running from primary education to GDP and bidirectional causality between physical capital investments and GDP. Table 8 reports the findings for the endogeneity of GDP, physical capital investments and secondary education. Estimates of the parameters show that the error-correction term is negative and statistically significant for the three equations. The t-test for the error-correction term indicates the significance of the long-run causal effect at the one percent level. Therefore, GDP, investments and secondary education are not weakly exogenous variables. These results imply that in the long run, there is a bidirectional Granger causality running between secondary education, physical capital investments and GDP. Table 9 reports the findings for the endogeneity of GDP, physical capital investments and higher education. Estimates of the parameters show that the errorcorrection term is negative and statistically significant only for the GDP equation. The t-test for the error-correction term indicates the significance of the long-run causal effect at the one percent level. Therefore, GDP is not a weak exogenous variable. In addition, the t-tests of the error-correction term for the physical capital investments and higher education enrolment rates are not statistically significant. These results imply that the physical capital investments and higher education are weakly exogenous variables. In the long run, there is a unidirectional Granger causality running from higher education and physical capital investments to GDP. In the short-run dynamics, the Wald tests indicate that there is a unidirectional Granger causality running from higher education enrolment rates to GDP. Finally, the significance levels associated with the Wald tests of joint significance of the sum of the lags of the explanatory variable and the error-correction term provide more information on the impact of physical capital investments and higher education on economic growth and vice versa. Finally, the empirical results reveal that for the GDP and higher education variables we can reject the hypothesis of strong exogeneity supporting the proposition that there is a relationship between physical capital investments, higher education and economic growth in Greece.
Impulse Response Functions
In order to study the dynamic properties of the VAR models, impulse response functions analysis (IRF thereafter) is employed using the Cholesky decomposition. The time period of impulse response functions spreads over ten years, which is a long enough period to capture the dynamic interactions between education and physical capital investments growth rates to economic growth. The IRF derived from the unrestricted VARs are presented in figures 2, 3 and 4. The variables of the first VAR order as following: GDP, physical capital investments and primary education (Q, K and UH1 ). Response of Q to UH1 Response of UH1 to UH1
Response to Cholesky One S.D. Innovations The variables of the third VAR order as following: GDP, physical capital investments and higher education (Q, K and UH3).
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From the first row of figure 2, it becomes apparent that one standard deviation shock of primary education has a negative impact on economic growth. Similar, a one standard deviation shock to economic growth variable has negative impact on primary education. Figure 3 reports that a one standard deviation shock to secondary education has a positive impact on economic growth. In other words, a one percent increase in secondary education's innovation causes a 0.02 percent increase in economic growth. Similar, a one standard deviation shock to economic growth variable has a positive impact on secondary education after the second year. Figure 4 shows that the response of economic growth from one standard deviation shock in higher education is positive and significantly bigger than secondary education. A one percent increase in the innovation of higher education causes a 0.06 percent increase in economic growth. Similar, higher education response to economic growth innovation is positive. A one standard deviation shock to physical capital investments has a positive impact on economic growth, but the strongest positive impact arises from economic growth to investments in all the figures.
Variance Decomposition Analysis
The variance decomposition (VDC thereafter) is estimated for each variable in the VAR models for a period of ten years. The VDC estimation results are presented in tables 10, 11 and 12. The variables of the first VAR order as following: GDP, physical capital investments and primary education (Q, K and UH1 ). The variables of the second VAR order as following: GDP, physical capital investments and secondary education (Q, K and UH2 ). The variables of the third VAR order as following: GDP, physical capital investments and higher education (Q, K and UH3).
As the years pass primary, secondary and higher education gradually affect more the variation of economic growth. More precisely, 2.80, 6.28 and 27.36 percent of economic growth forecast error variance in a ten years period is explained by disturbances of primary, secondary and higher education, respectively. Higher education innovation explains much more than primary and secondary the variation of economic growth. Overall, this figure is quite substantial, underlying the importance of higher education on economic growth. Also, as the years pass physical capital investments affect the variation of economic growth in all figures. From the first year a substantial part of the forecast error variance of economic growth from 5.54 to 23.44 percent, is affected by the disturbance of the physical capital investments. On the other hand, the variation of physical capital investments is largely explained by economic growth. The overall results from VDC seem to be in agreement with those of IRF, providing evidence in favour of the importance of secondary and higher education to explain variation in economic growth.
DISCUSSION OF THE RESULTS
The results of the econometric analysis show that secondary and higher education have had a positive contribution to economic growth in Greece during the period 1960-2009. These results are consistent with most of the previous studies mentioned above. Specifically, the results are in line with the studies, such as Tallman As primary is the first and basic level of education it is very important for the other two levels of education, which make up the productive sector of the country. In addition, in the case of Greece, possibly due to the fact that primary enrollment rates were already high, during the period under review they had declined in some subperiods. So, for the examined period which the GDP has grown significantly, the primary education had a negative significant effect on economic growth. During the period 1960-2009 Greek economy was transformed from the primary to the tertiary production sector. Furthermore, Greece was transformed from a less developed to a developed country. That may explain the findings of the study that secondary and higher education have had the most significant positive impact on growth in Greece, while primary education had not contributed to growth. This conclusion is supported by the research of Gemmell (1996) , Mingat and Tan (1996) and Petrakis and Stamatakis (2002) , who concluded that primary education affects more less developed countries, while growth in more developed countries depends mainly on secondary and higher education.
Another main result of the study reveals the rejection of the increasing returns to scale. This finding is consistent with other studies that applied the Lucas model such as: Monteils (2004) in the case of France, Gong, Greiner, and Semmler (2004) in the case of U.S. and Germany, Van Leeuwen (2006) in the cases of India and Japan. So, the endogenous character of the economic growth suggested by Lucas is not verified. As a result the application of this model would be accompanied by similar predictions as the neoclassical growth model introduced by Mankiw, Romer, and Weil (1992) . Probably that explains the similarity with the results of the study which has applied the neoclassical growth model for the case of Greece (Pegkas, 2014).
CONCLUSIONS
The study empirically investigates the causal relationship between each level of formal education and economic growth. Moreover, it estimates the effect of each level of formal education on economic growth, in Greece during the time period 1960-2009. In order to estimate the contribution of education to economic growth, the paper used the endogenous approach of Lucas (1988) and the enrollment rates as proxy for human capital. The empirical analysis reveals that GDP, the three levels of education and physical capital investments are cointegrated. The elasticity of GDP with respect to primary, secondary and higher education, is -0.96, 0.52 and 0.20 respectively. The results also suggest that there is evidence of unidirectional long-run causality running from primary education to growth, bidirectional longrun causality between secondary and growth, long-run and short-run causality running from higher education to economic growth. These results are supported by the generalized impulse response functions and the generalized variance decomposition analysis. Overall, the conclusion of the study indicates that the quantity of secondary and higher education has had a positive contribution to economic growth. In Greece, the quantity of education has increased during the last five decades (Pegkas and Tsamadias, 2014 ) whereas the quality of education remains low as many reports indicate (PISA 2012 Results-OECD). In Greece, many important structural reforms in various sectors of the educational system need to be implemented, in order to further improve the quality of human capital. This way the contribution of education to economic growth in Greece will be increased. Future research could focus on the investigation and evaluation of the quality of education, efficiency, effectiveness and productivity of higher education institutions and schools. Another study could investigate synergies among higher education institutions and businesses. We believe that these are crucial factors in the direction of the country's development in the international competitive and dynamic environment. 1 For more details of the model please refer to Bratti and Bucci (2003) and Pegkas (2012) . 2 The results of VECMs are available from the authors upon request.
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